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Abstract. In last 10 years, 0++ resonances have been observed and studied at BES in many
processes, such as J/ψ → γpi+pi−pi+pi−, γpi+pi−, γpi0pi0, γK+K−, γKSKS, γωφ , ωpi+pi−, ωK+K−,
φpi+pi−, φK+K−, ψ(2S)→ J/ψpi+pi−, χc0 → pi+pi−K+K−, pi+pi−pi+pi− etc.. The results on 0++
resonances observed at BES are reviewed.
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INTRODUCTION
The study of the isoscalar 0++ resonances is of crucial importance for understanding the
whole hadron spectrum. The lightest qq¯ spatial excited state, the lightest glueball, and the
lightest tetra-quark state, all are expected to have such quantum numbers of vacuum. Up
to now, there are five isoscalar 0++ resonances (σ/ f0(600), f0(980), f0(1370), f0(1500)
and f0(1710)) listed as well-established ones by PDG [1], and four unestablished ones
( f0(1790), f0(2020), f0(2100) and f0(2200)). None of them gets a clear picture about its
internal structure. They are ascribed as qq¯ states, q2q¯2 states, meson-meson molecules.
glueballs, coupled-channel dynamical states, etc.
Among various reactions, three kinds of processes from charmonium decays may play
important role for understanding the nature of these scalars and have been studied by
BES Collaboration at Beijing Electron-Positron Collider (BEPC). They are ψ radiative
decays, ψ hadronic decays against φ or ω , and χc0 decays. In the following three
sections, we will outline the major physics roles and review main results on scalar
resonances from each of them. A brief summary of the information on scalars we
deduced from these processes is given in the final section.
0++ RESONANCES OBSERVED IN ψ RADIATIVE DECAYS
There are three main physics objectives for ψ radiative decays:
(1) Looking for glueballs and hybrids. As shown in Fig. 1, after emitting a photon,
the cc¯ pair is in a C = +1 state and decays to hadrons dominantly through two gluon
intermediate states. Simply counting the power of αs we know that glueballs should have
the largest production rate, hybrids the second, then the ordinary qq¯ mesons.
(2) Completing qq¯ meson spectroscopy and studying their production and decay rates,
which is crucial for understanding their internal structure and confinement.
(3) Extracting gg↔ qq¯ coupling from perturbative energy region of above 3.6 GeV to
nonperturbative region of 0.3 GeV. This may show us some phenomenological pattern
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for the smooth transition from perturbative QCD to strong nonperturbative QCD.
FIGURE 1. ψ radiative decays to (a) glueball, (b) hybrid, and (c) qq¯ meson.
For the study of the isoscalar 0++ resonances from the J/ψ radiative decays, we have
studied the largest radiative decay channel J/ψ → γ4pi , the simplest ones J/ψ → γpipi ,
γK ¯K, and the exotic doubly OZI suppressed one J/ψ → γωφ . Partial wave analysis has
been performed for the γpi+pi−pi+pi− channel of BESI data [2], γpi+pi− [3], γK+K− [4]
and γωφ [5] channels of BESII data.
The invariant mass spectra and 0++ partial wave contribution for J/ψ →
γpi+pi−pi+pi− at BESI [2] and γpi+pi− at BESII [3] are shown in Fig.2. The two
channels have a similar pattern of three-peak structure for the 0++ partial wave con-
tribution. The fitted mass and width for these 0++ peaks in γpi+pi−pi+pi− [2] and
γpi+pi− [3] channels are listed in Table 1. The results from the two channels are consis-
tent with each other within their error bars and with those from a reanalysis of MARKIII
data for the γpi+pi−pi+pi− channel [6]. The 2pi invariant mass spectrum for the γpi0pi0
channel is similar to that from the γpi+pi− channel as shown in Fig. 3.
FIGURE 2. Invariant mass spectra and 0++ partial wave contribution for J/ψ → γpi+pi−pi+pi− at
BESI [2] (left) and γpi+pi− at BESII [3] (right)
The invariant mass spectra for the J/ψ → γK+K− and γKSKS channels are shown
in Fig. 3. The partial wave analysis has been performed for the mass below 2 GeV [4].
While the peak around 1525 MeV is mainly due to f ′2(1525), the peak around 1740
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TABLE 1. Fitted mass and width (in unit of MeV) for the three 0++ peaks in
γpi+pi−pi+pi− [2] and γpi+pi− [3] channels
resonance mass [2] width [2] mass [3] width [3]
f0(1500) 1505+15−20 140+40−30 1466± 6± 16 108+14−11± 21
f0(1710∼ 1790) 1740+30−25 120+50−40 1765+4−3± 11 145± 8± 23f0(2020∼ 2200) 2090± 30 330± 100 2020 PDG PDG
MeV is dominated by 0++ contribution with fitted mass and width as 1740±4+10−25 and
166+5+15−8−10 MeV, respectively. Recently, the γpi+pi− and γK+K− channels from ψ ′ decays
have also been studied with similar peaks observed [7].
FIGURE 3. Invariant mass spectra for the J/ψ → γK ¯K [4] and γpipi [3] channels
For the doubly OZI suppressed channel γωφ , the Dalitz plot and the ωφ invariant
mass spectrum are shown in Fig. 4. A clear enhancement near ωφ threshold is observed.
A partial wave analysis shows that this enhancement favors JP = 0+ [5]. If fitted with
a simple Breit-wigner formulae of constant width, the mass and width are obtained as
M = 1812+19−26±18 MeV and Γ = 105±20±28 MeV, respectively. Considering possible
energy dependence factors caused by threshold and off-shell effects, the possible relation
with the sub-threshold f0(1710∼ 1790) structure cannot be excluded. But the large
branching ratio to this doubly OZI suppressed channel needs some special theoretical
attention to identify its nature [8].
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FIGURE 4. Dalitz plot and Invariant mass spectrum for the J/ψ → γωφ channel [5].
0++ RESONANCES OBSERVED IN ψ HADRONIC DECAYS
For the ψ hadronic decays against φ/ω , there are also mainly three physics objectives:
(1) Looking for hybrids. Since ψ decays to hadrons through three gluons, final states
involving a hybrid as shown in Fig. 5(a) are expected to have larger production rate than
ordinary qq¯ mesons as shown in Fig. 5(b,c).
(2) Extracting uu¯+d ¯d and ss¯ components of associated mesons, M, via ψ →M+ω/φ
as shown in Fig. 5(b,c).
(3) Disfavoring glueball production. We can analyze the quark/gluon content of a
particle, M, by comparing its production in ψ → γM, ωM and φM.
FIGURE 5. ψ hadronic decays to (a) hybrids, (b) ss¯, and (c) nn¯≡ 1√2 (uu¯+ d ¯d) mesons.
To investigate the uu¯+ d ¯d and ss¯ components of iso-scalar 0++ resoances, we have
studied J/ψ → ωpi+pi− [9], ωK+K− [10], φpi+pi− and φK+K− [11] channels. The
invariant mass spectra for these channels are shown in Fig.6. They are similar to the
previous ones by MARKIII and DM2 Collaborations, but with much higher statistics.
For J/ψ → ωpi+pi−, there are two clear peaks at 500 MeV and 1275 MeV in the
2pi mass spectrum corresponding to the σ and the f2(1275), respectively. The σ pole
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FIGURE 6. Invariant mass spectra for the J/ψ → φpi+pi−, φK+K− [11], ωpi+pi− [9] and ωK+K− [10]
channels.
position is determined to be (541± 39)− i(252± 42) MeV from the mean of six
analyses [9] by using various parametrizations [12, 13]. It is also consistent with a later
study of high statistical data of ψ ′ → J/ψpi+pi− [14]. For J/ψ → ωK+K−, there is a
conspicuous signal for f0(1710)→ K+K−. From a combined analysis of these two sets
of data, the branching ratio BR( f0(1710)→ pipi)/BR( f0(1710)→ K ¯K) is < 0.11 at the
95% confidence level [10].
For the J/ψ → φpi+pi− and φK+K− channels, the f0(980) is observed clearly in
both sets of data, and parameters of the Flatté formula are determined accurately:
M = 0.965± 0.010 GeV, g1 = 0.165± 0.018 GeV2, g2/g1 = 4.21± 0.25± 0.21. The
φpipi data also exhibit a strong pipi peak centered at M = 1335 MeV. It may be fitted
with f2(1270) and a dominant 0+ signal made from f0(1370) interfering with a smaller
f0(1500) component. There is also a state in pipi with M = 1790+40−30 MeV and Γ= 270+60−30
MeV; spin 0 is preferred over spin 2. A particular feature is that f0(1790)→ pipi is
strong, but there is little or no corresponding signal for decays to K ¯K. This behavior
is incompatible with f0(1710), which is known to decay dominantly to K ¯K. So this
state, f0(1790), is distinct from f0(1710). The φK ¯K data contain a strong peak due to
f ′2(1525). A shoulder on its upper side may be fitted by interference between f0(1500)
and f0(1710).
The large production rates of f2(1275) against ω and f ′2(1525) against φ demonstrate
the flavor filter role of the ψ hadronic decays against φ/ω . For the scalar production,
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the ωσ/ f0(600) and φ f0(980) have the largest branching ratios. This suggests that the
f0(980) has large strangeness content while the σ/ f0(600) contains mainly the non-
strange quarks, just as expected by various models [15]. It seems indeed that the non-
glueballs are favorably produced in these reactions. While φ f0(1370), φ f0(1790) and
ω f0(1710) have also significant production rate, the f0(1500) is hardly visible in any of
these processes.
0++ RESONANCES OBSERVED IN χc0 DECAYS
Since the decays of χc0 and χc2 into light hadrons are mainly through intermediate
states of two gluons, they are expected to provide the cleanest place for studying gluon-
hadronization dynamics. Schematic pictures for the decays of χc0,2 into meson pairs via
the production of different components are shown in Fig.7. The study of these decays
may also shed light on the internal structures of the produced mesons.
FIGURE 7. Schematic pictures for the decays of χc0,2 into meson pairs via the production of different
components [16].
FIGURE 8. Invariant mass spectra of K+K− and pi+pi− for the χc0 → pi+pi−K+K− decays [17].
For the scalar resonance production, we have studied the χc0 → pi+pi−K+K− [17]
and pi+pi−pi+pi− [18] decays. Partial wave analysis has been performed for the
χc0 → pi+pi−K+K− decays. The largest meson pair production rates are found for
K∗0 (1430) ¯K∗0(1430), K∗0 (1430) ¯K∗2(1430)+c.c., and K∗(892) ¯K∗(892). So it seems again
that the non-glueballs are favorably produced. The invariant mass spectra of K+K− and
pi+pi− for the χc0 → pi+pi−K+K− decays are shown in Fig.8. Peaks due to f0(1710)
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and f0(2200) in K+K− invariant mass spectrum and ρ , f0(980) and f0(1370) in pipi
invariant mass spectrum are clearly visible. For the χc0 → pi+pi−pi+pi−, the peaks
due to ρ , f0(980) and f0(1370)/ f2(1270) are also visible in the invariant pi+pi− mass
spectrum [18] as shown in Fig.9(a). For the χc2 → pi+pi−pi+pi−, only the ρ peak is
predominant as shown in Fig.9(b) without any obvious information on f0 resonances.
FIGURE 9. Projections of pi+pi− invariant mass under the (a) χc0 and (b) χc2 peaks (two entries per
event) for ψ ′→ pi+pi−pi+pi− [18].
SUMMARY
The ψ radiative decays are expected to be the best place to look for glueballs. Three
0++ peaks are observed around f0(1500), f0(1710)/ f0(1790) and f0(2020)/ f0(2100)
in various ψ radiative decays.
Both ψ hadronic decays against φ/ω and χc0 decays seem favoring the non-glueball
production. For ψ hadronic decays against φ/ω , the σ/ f0(600), f0(980), f0(1370),
f0(1710) and f0(1790)resonances are clearly observed. For the χc0 → pi+pi−K+K−
and pi+pi−pi+pi− decays, the f0(980), f0(1370), f0(1710)/ f0(1790), and f0(2200) res-
onances are clearly seen.
The fact that the f0(1500) is produced strongly only in the glueball favorable ψ radia-
tive decays and weaker than other f0 resonances in the non-glueball favorable reactions
deserves further attention. To study f0 → ηη , ηη ′, γφ , γρ , γω from ψ radiative decays
at BESIII will shed important light on the nature of these 0++ resonances [19].
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